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A MANUALLY THROTTLED THRUST PROFILE FOR D O 1  

By O t i s  F. Graf 

1.0 SUMMARY 

When t h e  D O 1  maneuver i s  performed under automatic LGC con t ro l ,  t h e  
LGC commands t h e  DPS engine t o  burn a t  a lO5O-lb t h r u s t  f o r  approximately 
70 seconds. 
burn t ime)  under t h e s e  condi t ions,  t o  a point  which i s  c lose  t o  or i n  
excess of t h e  tank  design l i m i t .  Consequently, it i s  des i r ab le  t o  
perform t h e  D O 1  burn i n  as shor t  a t ime i n t e r v a l  as poss ib le .  

The SHe tank pressure r i s e s  r ap id ly  (as a func t ion  of DPS 

A method by which t h e  SHe tank pressure build-up could be reduced 
i s  t o  manually t h r o t t l e  t h e  DPS engine t o  t h e  intermediate  th rus t  l e v e l  
of 40 percent  of maximum t h r u s t  a f t e r  a 15-seconds engine t r i m  time a t  
1 0  percent .  
shor ten  t h e  DPS burn time and therefore  reduce t h e  r i se  i n  t h e  SHe tank 
pressure.  Also,  t h i s  would allow a crew checkout of t h e  manual t h r o t t l e  
s ince  manual t h r o t t l e  capab i l i t y  i s  needed f o r  t h e  f i n a l  per iod of powered 
descent .  

The increased thrust  acce le ra t ion  a t  40 percent would 

2.0 INTRODUCTION 

The descent o r b i t  i s  a Hohmann type  t r a n s f e r  from t h e  60-11. m i .  
c i r c u l a r  lunar  o r b i t  down t o  t h e  point  of i n i t i a t i o n  of powered descent .  
The descent o r b i t  has an apocynthion of 60-11. m i .  and a per icynthion of 
50 000 ft. 
s i t e ,  and i s  t a rge ted  from t h e  ground. 
probably w i l l  be ex te rna l  AV. This i s  a c r i t i c a l  burn,  and accuracy i s  
very important because o f  t h e  chance of lunar impact. The required V i s  

i n  t h e  range of 70-72 fps  from the  nominal (60-n. m i .  by 60-n. m i . )  o r b i t  
and i s  i n  t h e  negative X d i rec t ion  ( l o c a l  v e r t i c a l  system). 

The maneuver takes  place behind t h e  moon, 180' from t h e  landing 
The guidance t o  be used most 

g 

The DPS t h r u s t  p r o f i l e  for D O 1  has undergone some considerat ion and 
change i n  recent  months. The LGC i s  cu r ren t ly  programmed t o  perform D O 1  
i n  70  sec a t  1050 l b  of t h r u s t .  However, t h e r e  a r e  some engine cons t r a in t s  
and mission objec t ives  t h a t  suggest a DPS duty cyc le  which includes a 
manual t h ro t t l e -up  t o  4200 lb (40 percent of f u l l  t h r u s t ) .  
of t h i s  document i s  t o  explain the  reasons behind t h i s  proposed t h r u s t  

The in t en t ion  
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p r o f i l e  and t o  show t h a t  it i s  f e a s i b l e  and more des i r ab le  than  t h e  auto- 
matic LGC cont ro l led  DPS t h r u s t  p r o f i l e  fo r  D O I .  

3.0 SYMBOLS 

ARMP Apollo Reference Mission Program 

c .g. 

DO I 

DPS 

FTP 

cen te r  of g rav i ty  

descent o r b i t  i n s e r t i o n  

descent propulsion system 

f ixed  t h r o t t l e  pos i t i on  

LGC luna r  module guidance computer 

LLM luna r  landing mission 

LIMS luna r  module simulator 

PGNC S 

SHe 

t 
go 

TTCA 

v 
g 

AV 

primary guidance, navigat ion,  and 
con t ro l  system 

super-cr it i c a l  helium 

time-to-go t o  DPS engine cutoff  

t h r u s t  and t r a n s l a t i o n  con t ro l  assembly 

requi red  velocity-to-be-gained magnitude 
f o r  D O 1  

sensed v e l o c i t y  change during t h e  maneuver 
time 
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4.0 THE ADVANTAGES OF THE NEW THRUST PROFILE 

The automatic LGC p r o f i l e  i s  shown i n  f i g u r e  l ( a )  and t h e  new t h r u s t  
p r o f i l e  f o r  D O 1  i s  shown i n  f igure  l ( b )  . 
over t h e  o ld  because it has two d i s t i n c t  advantages. 

The new p r o f i l e  w a s  chosen 
They are: 

(1) A lower peak i n  t h e  super -cr i t ica l  helium (SHe) tank  pressure.  

( 2 )  A checkout of  t h e  DPS manual t h r o t t l e  before  i t s  required use 
during t h e  f i n a l  period of t h e  descent burn. 

The SHe tank  pressure i s  c r i t i c a l  on t h e  lunar landing mission. 
More d e f i n i t i o n  of t h i s  problem i s  given i n  t h e  following sec t ion .  
checkout of t h e  manual t h r o t t l e  is  a crew reques t .  However, it w a s  under 
considerat ion t o  put i n t o  t h e  LGC t h e  capab i l i t y  t o  automatically t h r o t t l e  
t h e  DPS t o  an  intermediate th rus t  l e v e l .  The automatic capab i l i t y  w a s  
not included when it was found t h a t  t h i s  funct ion could s a t i s f a c t o r i l y  
be done manually. 

The 

5.0 THE SHe TANK PRESSURE PROBLEM 

The pressure of t h e  DPS SHe tanks i s  of concern during t h e  lunar  
mission u n t i l  t h e  DPS duty cycle has ended. 
during t h e  mission and reaches a peak during t h e  powered descent burn. 
This peak can vary,  depending on t h e  following: 

The SHe pressure r ises 

(1) 

( 2 )  

The t h r u s t  p r o f i l e  of t h e  previous DPS burn ( D O I )  

The pressure af ter  loading on t h e  pad 

( 3 )  The length  of time since loading 

(4) The pressure r i se  r a t e  a f te r  loading 

An empir ical  simulation of t h e  SHe system w a s  used t o  evaluate  

Figures 2,  3, 4, and 5 
d i f f e r e n t  DPS duty cycles  f o r  t h e  lunar  mission. 
t h e  simulation i s  described i n  reference 1. 
contain p l o t s  of SHe pressure vs t i m e  f o r  d i f f e r e n t  DPS duty cycles .  
The descent burn p r o f i l e  i s  t h e  same i n  each case and w a s  taken from 
reference  2. The peak i n  pressure during t h e  powered descent burn i s  
our main concern; it i s  des i rab le  t h a t  it does not exceed t h e  design 
l i m i t  (1710 p s i a )  . 

The program used i n  

Also p lo t t ed  on f igu res  2, 3, 4, and 5 i s  t h e  DPS duty cycle  v s  time 
from D O 1  i gn i t i on .  The D O 1  V considered here  i s  nominal (70 f p s ) .  The 

g 
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d i f f e rence  between each of t hese  f igu res  i s  t h e  t h r u s t  p r o f i l e  f o r  D O I .  
They a r e  as follows: 

(1) Figure 2 - 1 0  percent t h r u s t  f o r  70 seconds. 

( 2 )  Figure 3 - Manual t h ro t t l e -up  t o  30 percent a f t e r  15-sec t r i m  
t ime.  

(3) Figure 4 - Manual t h ro t t l e -up  t o  40 percent a f t e r  1 5  sec t r i m  
t i m e  . 

(4) Figure 5 - Manual t h ro t t l e -up  t o  52.7 percent ( s o f t  s t o p )  a f t e r  
1 5  sec t r i m  t ime.  

Each of t he  f igu res  2, 3, 4, and 5 i s  a s e t  of fou r .  For each f i g u r e  
t h e r e  a r e  the  following four  cases :  

( a )  Time from opening of e a r t h  launch window t o  D O 1  = 104 h r ;  
pressure r i s e  r a t e  during coast  = 8.5 ps i a /h r .  

( b )  Time from opening of e a r t h  launch window t o  D O 1  = 104 h r ;  
pressure r i s e  r a t e  during coast  = 10 p s i a h .  

( c )  Time from opening of e a r t h  launch window t o  D O 1  = 120 hr; 
pressure r i s e  r a t e  during coast  = 8.5 ps i a /h r .  

( d )  Time from opening of e a r t h  launch window t o  DO1 = 120 hr; 
pressure r i s e  r a t e  during coast  = 10 ps ia /hr .  

I n  (a )  and (b)  above, t h e  t i m e  from opening of e a r t h  launch window 

I n  ( c )  and ( d ) ,  16 hr i n  lunar  o r b i t  w a s  added f o r  
t o  D O 1  i s  t h e  maximum time expected ( r e f .  3) without an  allowance f o r  
l i g h t i n g  adjustment. 
l i g h t i n g  adjustments. 
r a t e  ( r e f .  4 ) .  The r i s e  r a t e  of 1 0  ps ia /hr  i s  t h e  LN d a t a  book value 
( r e f .  5 ) .  Other assumptions made i n  t h i s  s imulat ion include: 

The r i se  r a t e  of 8.5 ps ia /hr  i s  t h e  a c t u a l  LM-3 

(1) The pressure a f t e r  pad loading i s  120 p s i a .  

( 2 )  The time from pad loading t o  f i r s t  launch window opening i s  
27 h r .  

(3 )  After t h e  DPS burn at D O 1  t h e r e  i s  a pressure  r i s e  of 50 p s i a  
due t o  heat soak back. 

Figures 2, 3, 4, and 5 show t h e  problem encountered with t h e  SHe 
The SHe system conta ins  bu r s t  d i sks  which w i l l  r e l i e v e  t h e  pressure.  

pressure when it ge ts  within t h e  range of 1870-1968 p s i a ,  but t hen  t h e  
e n t i r e  helium supply i s  l o s t  and t h e  mission must be aborted.  The cases  
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with manual t h ro t t l e -up  t o  a n  intermediate t h r u s t  l e v e l  do not so lve  t h e  
problem i n  every case ,  but  they  do give a des i r ab le  lowering of t h e  peak 
pres sure.  

6.0 MANUAL THROTTLING OF THE DPS 

6.1 Operation of t h e  Automatic DPS Throttle-Up 

A d i scuss ion  of DPS operation while under automatic t h r o t t l e  con t ro l  
w i l l  show why it i s  necessary for a manual t h r o t t l e  cont ro l  of t h e  D O 1  
maneuver. When under PGNCS control ,  t h e  DPS i s  held a t  1 0  percent t h r u s t  
u n t i l  a prese lec ted  t ime (LGC erasable quant i ty)  a f t e r  i g n i t i o n  and then  i s  
t h r o t t l e d  up t o  FTP. 
t h r o t t l e  t o  an intermediate l eve l .  This i n i t i a l  t ime at 1 0  percent i s  
c a l l e d  t h e  " t r i m  time" s ince  during t h i s  t ime t h e  engine t h r u s t  vector  
i s  being trimmed through t h e  c .g .  The objec t ive  i s  t o  obta in  complete 
vehic le  s t a b i l i t y  and cont ro l  with t h e  DPS before t h e  engine i s  t h r o t t l e d  
up. A long t r i m  period is required because of a slow engine gimbal d r ive  
ra te  ( .2 ' /sec);  uncer ta in ty  i n  the t r i m  of t h e  t h r u s t  vector ;  and uncer- 
t a i n t y  i n  t h e  c .g .  l oca t ion ,  which i s  due pr imari ly  t o  t h e  movement of 
f u e l  through t h e  tank interconnect.  This interconnect allows t h e  
movement of propel lan t  between the two propel lant  tanks and l ikewise  f o r  
t h e  oxid izer .  

The PGNCS does not have t h e  capab i l i t y  t o  automatical ly  

It was found t h a t  some maneuvers required a shor te r  t r i m  t i m e  ( a  
func t ion  of f u e l  loading)  than others and t h i s  t ime has been assigned 
an e rasable  loca t ion  i n  t h e  LGC. There i s  a redundant check i n  t h e  LGC 
which w i l l  i n h i b i t  t h e  thro t t le -up  when t h e  D O 1  maneuver i s  performed, 
regard less  of how long t h e  t r i m  t i m e  i s .  
order  t o  ge t  th ro t t le -up ,  t h e  V must be l a r g e  enough so  t h a t  t h e  maneuver 

Q 
time a t  10  percent t h r u s t  w i l l  be g rea t e r  than 95 seconds. With t h e  
vehic le  weight (33 200 l b )  and V 

s a t i s f i e d  and thro t t le -up  w i l l  always be inh ib i t ed .  The o r i g i n a l  purpose 
of t h i s  check w i l l  be explained l a t e r  i n  t h i s  document. It has so far 
been shown t h a t  i n  order t o  perform t h e  D O 1  maneuver a t  any DPS t h r u s t  other  
than 10  percent ,  t h e  DPS must be t h r o t t l e d  manually. 

This check requi res  t h a t  i n  

(70-72 f p s )  f o r  D O I ,  t h i s  t e s t  i s  not 
g 

6.2 Required Minimum Trim-Time 

The requi red  t r i m  t i m e  f o r  DO1 i s  a func t ion  of t h e  m i s t r i m  of t h e  
t h r u s t  vector  through t h e  c . g .  The t r i m  t ime must not be so shor t  t h a t  
it leads  t o  a cont ro l  problem, excessive R C S  f u e l  usage, or v i o l a t i o n  of 
engine cons t r a in t s .  Also, it must not be so long t h a t  it w i l l  jeopardize 
an  accurate  cut-off ( s ee  sect ion 6 . 3 )  or prohib i t  a des i red  shor t  burn 
t ime . 
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The t r i m  time chosen f o r  D O 1  i s  1 5  seconds. This t i m e  s a t i s f i e s  t h e  
c r i t e r i a  s t a t ed  above. 
a l l  t he  3-0 e r ro r s  gives a m i s t r i m  of 2 1.8O a t  D O 1  i g n i t i o n .  Also 
according t o  reference 6 ,  a t r i m  t i m e  of 1 5  seconds and th ro t t l e -up  
t o  40 percent w i l l  not r e s u l t  i n  t h e  use of any add i t iona l  RCS f u e l .  

According t o  reference 6 ,  t h e  root-sum square of 

6.3 Requirements f o r  An Accurate Cut-Off 

I n  order t o  ge t  an accurate  cut-off,  t h e  general  requirement i s  t h a t  
t h e  t h r u s t  must be constant during t h e  last  s i x  seconds before  engine 
cut-off.  This is due t o  t h e  computation cycle of two seconds i n  t h e  LGC 
and because the acce le ra t ion  i s  computed by measuring t h e  change i n  v e l o c i t y  
every two seconds. Thus, i f  t h e r e  i s  a s i g n i f i c a n t  change i n  t h r u s t  
between t h e s e  measurements, t h e  computed acce le ra t ion  over t h a t  two 
second in t e rva l  w i l l  not be t h e  t r u e  acce le ra t ion .  The computed 
acce le ra t ion  is  used i n  t h e  time-to-go t o  cutoff  ( t  ) equations.  I n  

add i t ion ,  once t i s  4 seconds o r  less ,  a clock i s  s e t  and t h e  engine i s  

cu to f f  a t  t = t + t . The r e s u l t  i s  t h a t  af ter  th ro t t l e -up  t h e r e  

i s  a minimum amount of burn t i m e  needed a f te r  t h r u s t  s t a b i l i z a t i o n  i n  
order t o  have an accurate  c u t o f f ,  and t h i s  minimum t i m e  depends upon 
at what point  i n  t h e  two second computer cycle  t h e  t h r u s t  s t a b i l i z a t i o n  
occurs. 

go 

go 

present  go 

To determine t h i s  minimum t i m e ,  a test  w a s  made as follows: 
F i r s t ,  it w a s  assumed t h a t  t h ro t t l e -up  and t h r u s t  s t a b i l i z a t i o n  could 
occur a t  any t i m e  i n  t h e  computer cyc le .  
Mission Program (ARMF') simulation w a s  run  using t h e  DPS t h r u s t  p r o f i l e  i n  
f i g u r e  6. The point  of thrust  s t a b i l i z a t i o n  a t  FTP (9869.61-1b t h r u s t )  
occurred 27 seconds after i g n i t i o n  ( includes 26 seconds of t r i m  t i m e  a t  
1 0  percent and a 1-second build-up t o  FTP). 

Then t h e  Apollo Reference 

Cases were run  i n  which t h e  t h r u s t  s t a b i l i z e d  a t  d i f f e r e n t  po in t s  
i n  t h e  computer cycle ,  and t h e s e  were compared with t h e  case  i n  which 
t h r u s t  s t a b i l i z a t i o n  and an LGC computer cycle  conincided (considered t h e  
nominal c a s e ) .  Comparison cases  were obtained by using d i f f e r e n t  t a r g e t s  
which would r e s u l t  i n  a t h r u s t  terminat ion 4, 5 ,  5.5,  and 6 seconds a f te r  
t h r u s t  s t a b i l i z a t i o n .  The results of t h i s  study are given i n  t a b l e  I and 
t h e  explanation of t h i s  t a b l e  i s  as follows: 
a t  FTP" i s  a burn whose external  AV t a r g e t s  are such t h a t  (us ing  t h e  
p r o f i l e  i n  f igu re  6 )  an LGC commanded cutoff  occurred x-seconds after thrust 
s t a b i l i z a t i o n  and a computation cyc le .  I n  t h i s  ca se  t h r u s t  s t a b i l i z a t i o n  
and t h e  computation cycle  coincide,  These t a r g e t s  a r e  l i s t e d  as 
''nominal AV = y fps".  
s t a b i l i z a t i o n  occurred .1, .3, .5,  ...., 1.9  seconds after a computer cyc le .  
The a c t u a l  cutoff time i n  seconds a f te r  FTP s t a b i l i z a t i o n  and t h e  a c t u a l  
accumulated A V ' s  are l i s t e d .  These r e s u l t s  show t h a t  when it i s  assumed 

The "nominal x-second burn 

Then t h e s e  sane t a r g e t s  were r e run  such t h a t  t h r u s t  
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t h a t  t h r u s t  s t a b i l i z a t i o n  can occur a t  any point  i n  the  computer cycle ,  
only a burn p r o f i l e  which includes a t  l e a s t  6 seconds of t h r u s t  a f t e r  
s t a b i l i z a t i o n  w i l l  always r e s u l t  i n  an accurate  cu to f f .  

An explanation can be given f o r  t h e  tes t  which can prevent t h r o t t l e -  

There a r e  two curves, one f o r  each of t h e  following two DPS 
up, as described i n  sec t ion  6.1. 
weight. 
t h r u s t  p r o f i l e s :  

Figure 7 shows accumulated AV vs  vehic le  

(1) 95 seconds a t  1050 l b  t h r u s t .  

( 2 )  26 seconds a t  1050 l b  t h r u s t  plus  6 seconds a t  FTP. 

It i s  considered t h a t  a worst case m i s t r i m  would requi re  a 26-second t r i m  
time. 
p r o f i l e  described i n  ( 2 )  above. Thrott le-up t o  FTP w i l l  not occur unless  
t h e  maneuver requires  a t  l e a s t  95 seconds a t  1 0  percent.  But from f i g u r e  7 
it i s  seen t h a t  t h e  AV resu l t ing  from t h r u s t  p r o f i l e  (1) i s  always g rea t e r  
than  t h a t  due t o  t h r u s t  p r o f i l e  ( 2 ) .  
26-secondsY thro t t le -up  w i l l  not occur unless  an accurate  cut-off i s  
assured. 

This coupled with a 6-second minimum time at FTP defines  t h e  t h r u s t  

Therefore, when t h e  t r i m  time i s  

6.4 P i lo t  Reaction Time 

I n  order t o  determine t h e  f e a s i b i l i t y  of manual t h r o t t l i n g  f o r  D O I ,  
tes ts  were run on t h e  LMS. 
determine t h e  p i l o t ' s  reac t ion  t i m e  i n  moving t h e  t h r o t t l e .  
r e a c t i o n  t ime i s  known, we can then determine h i s  a b i l i t y  t o  follow t h e  
nominal t h r u s t  p r o f i l e  and s t a b i l i z e  t h e  t h r u s t  i n  time t o  give an 
accurate  cu to f f .  

The primary purpose of these  t e s t s  w a s  t o  
Once h i s  

Four as t ronauts  par t ic ipa ted  i n  t h e  t e s t s .  The engine i g n i t i o n  and 
t h r o t t l e - u p  t o  10  percent were done automatically.  
t h i s  t e s t  w a s  t o  t h r o t t l e  t h e  engine t o  40 percent,  1 0  seconds a f t e r  t h e  
1 0  percent l e v e l  w a s  reached. The p i l o t  started a clock when he s a w  the  
percent engine t h r u s t  ind ica tor  reach 1 0  percent.  When the  clock read 
1 0  seconds, he moved t h e  t h r o t t l e  up from 1 0  percent t o  40 percent .  Two 
r e a c t i o n  times were observed: 

The objec t ive  of 

(1) h i s  delay i n  i n i t i a t i n g  t h e  thro t t le -up ,  

( 2 )  h i s  delay i n  moving the t h r o t t l e  t o  t h e  40 percent t h r u s t  l e v e l .  

These delay times are l i s t e d  i n  t a b l e  2. The average f o r  t h e  f i r s t  delay 
t ime  i s  1 . 0 1  seconds and fo r  the  second delay t ime i s  2.11 seconds. I n  
each case,  t h e  p i l o t  came within f 2 percent of t h e  40 percent l e v e l .  
w e  observe a t o t a l  average delay of 3.12 seconds. It should be noted t h a t  
none of t h e s e  p i l o t s  had previous experience i n  performing t h i s  maneuver. 
Therefore,  i n  t h i s  document t h e  average t ime (3.12 seconds) w i l l  be 

Thus, 
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considered t h e  worst case f o r  manual DPS t h r o t t l i n g .  

7 .0  SELECTION OF AN INTERMEDIATE THRUST LEVEL FOR D O 1  

It now remains t o  show how t h e  intermediate t h r u s t  l e v e l  i n  t h e  new 

The 52.7 percent l e v e l  
DPS t h r u s t  p r o f i l e  f o r  D O 1  w a s  se lec ted .  The th ree  t h r u s t  l e v e l s  which 
were considered were: 30, 40, and 52.7 percent.  
w a s  considered s ince it i s  t h e  value a t  t h e  so f t  s top  of t h e  TTCA. The 
t h r e e  t h r u s t  levels cover most of t h e  t h r o t t l e a b l e  region. 

From f igures  3, 4 ,  and 5 it can be seen t h a t  t h e r e  i s  only a l i t t l e  
d i f fe rence  between t h e  t h r e e  i n  t h e  SHe pressure peaks t h a t  they produce. 
We w i l l  se lec t  t h e  highest  t h r o t t l e  of t h e  th ree  t h a t  w i l l  g ive an 
accurate  guided cutoff f o r  any D O 1  V 

I n  t h i s  respect t h e  worst case would be a DO1 maneuver from a 50-11. m i .  
lunar  o r b i t .  magnitude from t h i s  o r b i t  i s  approximately 58 f p s .  

magnitude t h a t  can be expected. 
g 

The V 
g 

The D O 1  maneuver w a s  simulated i n  t h e  ARMP and ex terna l  AV guidance 
w a s  used. 
A l l  of t h e s e  p ro f i l e s  include t h e  worst case astronaut  delay t imes 
described i n  section 6.4. Considered f irst  w a s  t h e  V of 70 f p s ;  i . e .  

from t h e  nominal 60-n. m i .  c i r c u l a r  lunar  o r b i t .  
were obtained: 

The t h r e e  t h r u s t  p r o f i l e s  t h a t  were used a r e  shown i n  f i g u r e  8. 

I Q 
The following r e s u l t s  

Time From Thrust S t a b i l i z a t i o n  A t  The 
Intermediate Thrust Level t o  Cutoff,  sec 

Intermediate Total  DPS 
Thrust Level , Burn Time, 

percent sec 

30 34.34 16.24 

40 30.01 11 .g1 

52.7 26.89 8.77 

The th ree  times i n  t h e  r i g h t  hand column above correspond t o  t h e  "x" i n  
f igu re  8. 
cutoff  described i n  sec t ion  6.3. 

A l l  t h r e e  of t h e  above cases s a t i s f y  t h e  c r i t e r i a  for accurate  
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Next a D O 1  AV of 58 f p s  was considered. This i s  t h e  case t h a t  
would most se r ious ly  endanger an accurate  cutoff  s ince  it i s  t h e  minimum 
AV expected f o r  D O I .  The r e s u l t s  are as follows: 

T ime  From Thrust S t a b i l i z a t i o n  A t  The 
Intermediate Thrust Level t o  Cutoff,  sec 

Intermediate Tota l  DPS 
Thrust Level , Burn T i m e ,  

percent s ec 

30 30.40 12.28 

40 27.06 8.94 

52.7 24.65 6.53 

Again, t h e  t h r e e  t i m e s  i n  t h e  r ight  hand column above correspond t o  t h e  
"x" i n  f igu re  8 .  
for an accurate  cu to f f .  Throttle-up t o  40 percent s t i l l  gives 3 seconds 
t o  spare.  
t h r u s t  l e v e l  f o r  D O I .  Our simulation included worst case dispers ions i n  
lunar  o r b i t  a l t i t u d e  and astronaut t h r o t t l i n g  delays and the  40 percent 
t h r u s t  l e v e l  s t i l l  gave an accurate c u t o f f .  The nominal DPS p r o f i l e  f o r  
D O 1  from a 60-11. m i .  lunar  o r b i t  i s  shown i n  f i g u r e  l ( b ) .  

Throttle-up t o  s o f t  s top  gives  only marginal condi t ions 

Therefore, 40 percent w a s  chosen as t h e  proper intermediate 

8 .O CONCLUDING REMARKS 

If the  D O 1  maneuver i s  completely cont ro l led  by t h e  PGNCS, t h e  
r e s u l t i n g  burn w i l l  be a t  1 0  percent t h r u s t  for approximately 70 seconds. 
It has been shown t h a t  t h i s  t h rus t  p r o f i l e  w i l l  increase t h e  SHe tank 
pressure t o  a point c lose  t o  o r  exceeding t h e  tank  design l i m i t .  To 
minimize t h e  SHe tank pressure problem, t h e  D O 1  maneuver should be 
performed i n  as short  a time i n t e r v a l  as poss ib le .  This can be accomplished 
by manually t h r o t t l i n g  t o  40 percent af ter  a t r i m  t i m e  of 1 5  seconds. 
t h i s  new thrust p r o f i l e  i s  incorporated i n t o  t h e  complete DPS duty cycle  
f o r  t he  LLM, t h e  following advantages are r ea l i zed :  

When 

(1) A lower peak i n  t h e  SHe tank  pressure 

( 2 )  Operation of t h e  DPS a t  a more e f f i c i e n t  th rus t  

( 3 )  Checkout of t h e  DPS manual t h r o t t l e  before t h e  descent burn 

This manual t h r o t t l i n g  procedure f o r  D O 1  i s  completely compatible with 
t h e  t h r u s t  t r a n s l a t i o n  cont ro l  assembly (TTCA) , t h e  descent propulsion 
system, external  AV guidance, and accuracy requirements. 
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~~ 

P i l o t  

Average of a l  
manual runs 

TABLE 2.- ASTRONAUT DELAY TIMES 

Astronaut delay i n  
i n i t i a t i n g  throt t le-up,  sec 

1.27 

1.67 

2.61 

27 

.20 

- 29 

-78 

* 99 

1.01 

Manually t h r o t t l e d  t h r u s t  
build-up t i m e  from 10% 

t o  40%, sec  

2.4 

1.74 

1 . 5  

2.11 

2.28 

1.66 

1.87 

3.32 

2.11 

Note: Four p i l o t  subjects  pa r t i c ipa t ed  i n  t h e  t es t s .  Two made t h r e e  
runs each and two made one run each. 
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Figure 7. - DPS engine AV versus weight. 
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